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SUPER ABSORBENT POLYMER AND A
PREPARATION METHOD THEREOFK

TECHNICAL FIELD

The present invention relates to a super absorbent poly-
mer that 1s superior 1n the initial absorbency and does not
discharge moisture by pressure even after time has passed,
and a preparation method thereof.

BACKGROUND OF THE INVENTION

Super absorbent polymer (SAP) 1s a synthetic polymer
material having a function of absorbing water about 3
hundred times to about 1 thousand times of the weight of
itself, and 1t has been differently named as super absorbency
material (SAM), absorbent gel material (AGM), and so on
by developing enterprises. The SAP disclosed above was
started to be commercialized for sanitary items and 1s now
being widely used to a water combination soil for horticul-
ture, a water-stop material for civil engineering and con-
struction, a nursery sheet, a freshness preservative 1 a food
distribution field, a poultice matenal, and the like 1n addition
to the sanitary fittings like a paper diaper for a child.

An mverse suspension polymerization method or an aque-
ous polymerization method 1s known as a method of pre-
paring super absorbent polymer. For example, the mverse
suspension polymerization 1s disclosed in Japanese Patent
Publication Nos. Sho56-161408, Sho57-158209, ShoS7-
198714, and so on. As the aqueous polymerization method,
a thermal polymerization method that polymerizes a poly-
mer gel while fracturing and cooling the same 1n a kneader
equipped with a spindle, and a photo-polymerization method
that exposes a high-concentrated aqueous solution on a belt
to UV rays and the like so as to carry out the polymerization
and the dry at the same time are known.

Furthermore, the surface treatment of the resin powder
obtained through the processes of polymerization, pulveri-
zation, drying, and final pulverization 1s being attempted for
obtaining the hydrogel polymer having more excellent prop-
erties, or various modifications 1n the process are being
attempted for improving the efliciency of polymerization,
pulverization, and drying.

Meanwhile, the particle size, the absorbency, and the
water holding property have been considered as important
tactors for evaluating the properties of the SAP, and many
cllorts have been made to improve the same. And, the
concept of absorbing rate was introduced and the speed of
absorption has been evaluated as the absorbing rate mea-
sured by using Vortex.

However, prior methods mentioned just the characteris-
tics of each property, and did not mention the synergy eflect
when said properties are complexly combined. Furthermore,
existing methods have mainly mentioned only the absorbing
rate under non pressured condition of the SAP. Furthermore,
they have not provided the SAP having rapid absorbing rate
and good feelings of wearing at the same time until now.

DETAILS OF THE INVENTION

Objects of the Invention

It 1s an aspect of the present invention to provide a super
absorbent polymer (SAP) having excellent property and
absorbency that 1s especially superior 1n the 1nitial absor-
bency and hardly discharge moisture by pressure even after
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long time has passed, and a preparation method thereot,
through the surface treatment of the SAP.

It 1s another aspect of the present mvention to provide a
SAP having rapid absorbing rate and excellent wearing
comiort at the same time, and a preparation method thereof.

Means for Achieving the Objects

The present invention provides a super absorbent polymer
(SAP), having the SPAN value of 1.2 or less, represented by
the following Mathematical Formula 1, and

satistying the absorbing rate under load represented by the
tollowing Mathematical Formula 2:

SPAN=[D(90%)-D(10%)])/D(50%)=<1.2 [Mathematical Formula 1]

in Mathematical Formula 1,

D(90%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 90%,

D(10%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 10%, and

D(50%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 50%,

1.0>ARUL=AUP(10 min) AUP(60 min)>(M@thematical Formula 2]

in Mathematical Formula 2,

ARUL 1s the absorbing rate under load, AUP (10 min) 1s
the absorbency under pressure after 10 mins represented by
the following Mathematical Formula 3, and AUP (60 min)
absorbency under pressure after 60 mins represented by the
following Mathematical Formula 3,

AUP(g/a)=/Wb(g)-Wa(g)]/weight of absorbent poly-
mer(g) [Mathematical Formula 3]

in Mathematical Formula 3,

Wa (g) 1s the sum of the weight of the absorbent polymer
and the weight of the device capable of providing load to the
absorbent polymer, and

Wb (g) 1s the sum of the weight of the absorbent polymer
in which moisture 1s absorbed under load (0.7 psi) for a
given time of 10 mins or 60 mins and the weight of the
device capable of providing load to the absorbent polymer.

The super absorbent polymer may include a crosslinked
polymer obtained by crosslinking the surface of a powdery
base polymer prepared from at least partially neutralized
water-soluble ethylenic unsaturated monomer including an
acid group with a C,-C, diol or glycol compound.

The present invention also provides a method of preparing
the super absorbent polymer, including the steps of:

preparing a monomer composition including a water-
soluble ethylenic unsaturated monomer and a polymeriza-
tion 1nitiator;

preparing a hydrogel polymer by polymerizing said
monomer composition in a polymerization reactor;

drying and pulverizing said hydrogel polymer;

classifying said pulverized hydrogel polymer; and

treating the surface of said hydrogel polymer by spraying
a surface treatment solution including water and a surface
crosslinking agent on each of the classified hydrogel poly-
mer particles.

At this time, the surface crosslinking agent may be a
C,-Cy diol or glycol compound.

And, the surface treatment solution may further include
one or more organic solvents selected from the group
consisting of ethanol, methanol, 1sopropylalcohol, ethyl-
eneglycol, propyleneglycol, polyethyleneglycol, and poly-
propyleneglycol.

The surface treatment solution may include 0.1 to 10
weight % of the surface crosslinking agent.
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The surface crosslinking agent can be used through a pipe
form or a nozzle but it 1s preferable that the solution 1is
sprayed on the surface of the hydrogel polymer through the
nozzle.

Furthermore, the step of treating the surface may include
the steps of feeding the classified hydrogel polymer to a
surface crosslinking reactor, and carrying out a surface
crosslinking reaction of the hydrogel polymer at 120 to 250°
C. for 10 to 120 mins.

And, the step of drying and pulverizing the hydrogel
polymer may be carried out so that the particle size of the
dried hydrogel polymer becomes 150 to 850 um.

Furthermore, the classitying step may include the steps
of:

classitying the pulverized hydrogel polymer into 2 grades
of the particle size below 150 um and the particle size of 150
um to 850 um;

classitying the pulverized hydrogel polymer into 3 grades
of the particle size below 150 um, the particle size of 150 um
or more and below 300 um, and the particle size of 300 um
to 850 um; or

classitying the pulverized hydrogel polymer into 4 grades
of the particle size below 150 um, the particle size of 150 um
or more and below 300 um, the particle size of 300 um or
more and below 600 um, and the particle size of 600 um to
850 um.

The present method may further include the step of
pulverizing and classiiying the hydrogel polymer into the
particles having the particle size of 150 to 850 um after the
step of treating the surface of the hydrogel polymer.

The method may further include the step of pulverizing
the hydrogel polymer to have the particle size of 1 mm to 15
mm aiter the polymerization and before the step of drying
the hydrogel polymer.

Eftects of the Invention

According to the present invention, the SAP 1s superior in
all properties such as the particle size, the 1nitial absorbency,
and the water holding property, and shows excellent absorb-
ing rate under load (ARUL) satisiying a particular condition.
Theretfore, the SAP of the present invention can be used for
preparing comiortable and wearable sanitary ({ittings
because the content of rewetting, the content of moisture that
comes out, 1s low even alter a certain time passed.

L1

DETAILED DESCRIPTION OF TH.
EMBODIMENT

Hereinafter, the preparation method of the SAP according,
to specific embodiment of the invention 1s explained 1n more
detaul.

The present invention 1s characterized in controlling the
particle diameter through a proper classification during the
pulverizing process, and especially in treating the surface of
the particles by using a glycol-based solvent and a diol-
based or glycol-based surface crosslinking agent with a
specific amount and condition, and provides the method of
preparing the SAP having very excellent absorbency even
under a long time pressured state.

Theretfore, the SAP according to the present invention 1s
superior 1n the particle size and the properties, and espe-
cially, can show excellent absorbing rate under load (ARUL)
satistying a particular condition and can provide an excellent
wearing sensation because the content of rewetting, the
content of moisture that comes out, 1s low even after a
certain time passed. Therefore, the SAP satisfying the prop-
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erties of the specific parameter of the present invention can
be widely used to a water combination soi1l for horticulture,
a water-stop material for civil engineering and construction,
a nursery sheet, a freshness preservative i a food distribu-
tion field, a poultice material, and the like 1 addition to
various samitary fittings.

The present invention provides a preparation method of
the SAP having the SPAN value of 1.2 or less, represented
by the following Mathematical Formula 1, and satistying the
absorbing rate under load represented by the following
Mathematical Formula 2, according to one embodiment of
the present ivention:

SPAN=[D(90%)-D(10%)]/D(50%)=1.2 [Mathematical Formula 1]

in Mathematical Formula 1,

D(90%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 90 weight
70,

D(10%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 10 weight
%, and

D(50%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 50 weight

70,

1.0>ARUL=AUP(10 mm)/AUP

(60 mun)>0.70 [Mathematical Formula 2]

in Mathematical Formula 2,

ARUL 1s the absorbing rate under load, AUP (10 min) 1s
the absorbency under pressure after 10 mins represented by
the following Mathematical Formula 3, and AUP (60 min)
absorbency under pressure aiter 60 mins represented by the
following Mathematical Formula 3,

AUP(g/a)=/Wb(g)-Wa(g)]/weight of absorbent poly-
mer(g) [Mathematical Formula 3]

AUP (g/g)=[|Wb(g)-Wa(g)]/weight of absorbent polymer
(&)

in Mathematical Formula 3,

Wa (g) 1s the sum of the weight of the absorbent polymer
and the weight of the device capable of providing load to the
absorbent polymer, and

Wb (g) 1s the sum of the weight of the absorbent polymer
in which moisture 1s absorbed under load (0.7 ps1) for a
given time of 10 mins or 60 mins and the weight of the
device capable of providing load to the absorbent polymer.

The present invention can provide the synergy eflect
owing to the complex property combination of the parameter
according to the particle size distribution of the SAP repre-
sented by Mathematical Formulae 1 and 2 and the absor-
bency under pressure aiter a certain time passed. Therelore,
the present invention can induce the excellent comiortable
wearing sensation by providing the SAP having excellent
properties.

At this time, the particle size distribution may be calcu-
lated by the parameter known as “SPAN”. Therefore, the
SPAN can be measured through the particle size distribution
of the prepared SAP. In Mathematical Formula 1, D means
the particle diameter of the SAP represented by “um”™ and 1t
may be measured by a laser particle size analyzer but 1t 1s not
limited to or by this. Furthermore, when the final SAP
particles of 150 to 850 um are uniformly classified and they
are arranged 1n order of particle diameter, D(10%) means the
diameter of the particle when the accumulated weight from
the smallest particle becomes 10 weight % based on the total
weilght of the classified particles. And, D(50%) means the
diameter of the particle when the accumulated weight from
the smallest particle becomes 50 weight % based on the total
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weight of the classified particles, when the SAP particles are
arranged 1n order of particle diameter. And, D(90%) means
the diameter of the particle when the accumulated weight
from the smallest particle becomes 90 weight % based on the
total weight of the classified particles, when the SAP par-
ticles are arranged in order of particle diameter.

When the SPAN value represented by Mathematical For-
mula 1 1s larger than 1.2, it causes problems of the property
deterioration and the dust flying phenomenon because of
irregular particle size distribution. And, when the condition
of the absorbing rate under load (pressure) (ARUL) repre-
sented by Mathematical Formula 2 1s less than 0.7, the final
sanitary fittings cannot have enough absorbing power and
moisture comes out because the absorbing rate under load
decreases. At this time, the factors aflecting the ARUL value
may be the crosslinking density of the crosslinked polymer,
the surface treatment density, the uniformity of the particle
size of the base polymer, the uniformity of the distribution
of the surface treating agent, and so on. Therefore, 1t 1s
important that the ARUL value accords with the condition of
Mathematical Formula 2 1n the present invention, and it 1s
preferable for this to use the crosslinked polymer surface-
treated by the method disclosed below as the SAP.

And, according to the present invention, 1t 1s possible to
provide excellent properties to the final SAP by controlling
the particle size distribution of the base polymer after
preparing and classitying the same.

Namely, when the particle size of the base polymer 1s
distributed from 1350 to 850 um after the classification of the
base polymer, 1t 1s possible to show the excellent properties
that the present invention intends to realize. Specifically, the
present invention can improve the particle size and the
properties of the SAP when the content of the base polymer
of 300 to 600 um 1s high. For example, the excellent
properties of the present invention can be achieved by
classiiying the base polymer so that the content of the base
polymer of 300 to 600 um 1s about 50 weight % or more or
about 60 weight % or more, for example, about 50 to 80
weight %, per the total base polymer, and the content of the
base polymer 600 to 850 um and 150 to 300 um 1s about 7
weight % or more or about 10 weight % or more, for
example, 7 to 20 weight %, per the total base polymer and
preparing the SAP by using the base polymer. At this time,
the remaining content of the particles below 150 um and
over 850 um may be less than about 1 weight % or less than
about 0.8 weight % per the total base polymer.

Meanwhile, the SAP satistying above properties may
have the water holding property of 25 g/g to 50 g/g,
measured according to EDANA method WSP 241.2, and the
content of waster-soluble component of 15 weight % or less,
measured according to EDANA method WSP 270.2.

Meanwhile, the SAP may include a crosslinked polymer
obtained by crosslinking the surface of the powdery base
polymer polymerized from at least partially neutralized
water-soluble ethylenic unsaturated monomer icluding an
acid group with a C,-C, diol-based or glycol-based com-
pound.

And, since the crosslinking density of the crosslinked
polymer may be the factor affecting the ARUL value, 1t 1s
preferable to crosslink the surface of the base polymer
according to the method of the present mnvention.

Furthermore, according to another embodiment of the
present mvention satisiying said properties, a method of
preparing the SAP including the steps of preparing a mono-
mer composition including a water-soluble ethylenic unsatu-
rated monomer and a polymerization mitiator; preparing a
hydrogel polymer by polymerizing said monomer compo-
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sition 1n a polymerization reactor; drying and pulverizing
said hydrogel polymer; classifying said pulverized hydrogel
polymer; and treating the surface of said hydrogel polymer
by spraying a surface treatment solution including water and
a surface crosslinking agent on each of the classified hydro-
gel polymer particles 1s provided.

Namely, since the present invention carries out the proper
classification after drying the hydrogel polymer and the
treatment of the surface of the classified hydrogel polymer
with a specific surface treatment solution and conditions, 1t
1s possible to provide a preparation method of the SAP fine
particles not only making the control of particle size easy but
also providing the SAP having uniform particle size and
superior in both of the immitial absorbency and the water
absorbing power under a long time pressure. The classifi-
cation process 1s for providing the base polymer, and thus
the classified hydrogel polymer may include the base poly-
mer. Such base polymer may have the average particle size
distribution of 150 to 850 um. And, the excellent properties
may be achieved by controlling the distribution ratio of the
base polymer of 300 to 600 um, the base polymer of 600 to
850 um, and the base polymer of 150 to 300 um. More
concretely, since the present invention prepares the SAP by
using the classified base polymer of which the base polymer
of 300 to 600 um 1s about 50 weight % or more or about 60
weight % or more, for example, about 50 to 80 weight %, per
the total base polymer, and the base polymer of 600 to 850
um and 150 to 300 um 1s about 7 weight % or more or about
10 weight % or more, for example, 7 to 20 weight %, per the
total base polymer, 1t 1s possible to show excellent 1nitial
absorbency and to provide a synergy effect of improving the
absorbing ratio under non loading condition and the absor-
bency under pressure conilict with each other at the same
time.

The pulverized hydrogel polymer may be a powdery base
resin (namely, base polymer) prepared by polymerizing at
least partially neutralized water-soluble ethylenic unsatu-
rated monomer including an acid group. At this time, the
water-soluble ethylenic unsaturated monomer may include
one or more monomers selected from the group consisting
of: anionic monomers of acrylic acid, methacrylic acid,
maleic anhydrnide, fumaric acid, crotonic acid, 1taconic acid,
2-acryloyl ethane sulifonic acid, 2-methacryloyl ethane sul-
fonic acid, 2-(meth)acryloyl propane sulfonic acid, and
2-(meth)acrylamide-2-methyl propane sulfonic acid, and
salts thereof; nonionic hydrophilic monomers of (meth)
acrylamide, N-substituted (meth)acrylate, 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl(meth)acrylate, methoxy
polyethyleneglycol(meth)acrylate, and polyethyleneglycol
(meth)acrylate; and amino-containing unsaturated mono-
mers of (N,N)-dimethylaminoethyl (meth)acrylate and
(N,N)-dimethylaminopropyl (meth)acrylamide, and a qua-
ternary compound thereof.

And, the present invention can control the crosslinking
density of the surface of the classified hydrogel polymer by
spraying the specific surface treatment solution on the base
resin through the step of treating the surface of the hydrogel
polymer. The crosslinking density of the crosslinked poly-
mer prepared by such method may be 0.1 to 1.0 weight %
based on the base resin.

The surface treatment solution of the present invention
may be an aqueous solution including water as a solvent and
a diol-based or glycol-based compound as the surface cross-
linking agent, and it may further include a solvent such as
other kinds of diols, methanol, and so on with necessity.

The surface crosslinking agent included 1n the surface
treatment solution may be a C,-C, diol-based or glycol-
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based compound. Specifically, the diol-based compound
may be one or more compound selected from the group
consisting of 1,3-propanediol, 2,3,4-trimethyl-1,3-pen-
tanediol, 2-butene-1.4-diol, 1,4-butanediol, 1,3-butanediol,
1,5-pentanediol, 1,6-hexanediol, and 1,2-cyclohexanedime-
thanol. The glycol compound may be one or more com-
pound selected from the group consisting of monoethyl-

eneglycol, diethyleneglycol, triethyleneglycol,
tetracthyleneglycol, polyethyleneglycol, propyleneglycol,
dipropyleneglycol, polypropyleneglycol, glycerol, and

polyglycerol. More preferably, 1,3-propanediol may be used
as the surface crosslinking agent, and propyleneglycol may
be used. If 2 or more kinds of the surface crosslinking agent
are used 1n the present invention, the mixing weight ratio of
them may be 2:8 to 8:2 based on the weight of the total
surface crosslinking agent.

The surface treatment solution may further include an
organic solvent. The organic solvent may be one or more
compound selected from organic alcohols and diols. At this
time, diol compounds can be used as not only the crosslink-
ing agent but also the organic solvent. And glycol ether
compounds can be used in addition with necessity.

Preferably, the organic solvent may be one or more
compounds selected from the group consisting of ethanol,
methanol, 1sopropylalcohol, ethyleneglycol, propylenegly-
col, polyethyleneglycol, ethyleneglycol diglycidyl ether, and
polypropyleneglycol.

The concentration of the surface crosslinking agent may
be 0.1 to 10 weight %, and preferably 0.3 to 8 weight %, per
the total surface treatment solution. At this time, when the
concentration of the surface crosslinking agent 1s below 0.1
weight %, there 1s a problem of not mducing suflicient
reaction, and when 1t 1s over 10 weight %, there 1s a difliculty
in the control because of excessive reaction and increased
viscosity. Therefore, 1t 1s preferable to use the surface
crosslinking agent within the range of the present invention.

And, the content of water 1s not limited particularly
because 1t 1s used for making the surface treatment solution
in the form of aqueous solution, and it may be the remaining
content of the total surface treatment solution. And, when
the surface treatment solution further includes the organic
solvent, 1t may be 0.1 to 10 weight % based on the total
surface treatment solution, and even 1n this case, the content
of water 1s not limited particularly because the remaining
content can be filled with water.

The surface crosslinking agent can be used through a pipe
form or a nozzle but it 1s preferable that the solution 1is
sprayed on the surface of the hydrogel polymer through the
nozzle.

At this time, the spraying speed of the surface treatment
solution 1s not limited particularly but 1t 1s preferable to
control the spray angle and the amount.

The spray angle of the surface treatment solution may be
controlled to be 1 to 45°, and preferably 10 to 30°, from the
hydraulic nozzle of the spraying device, and 1t 1s preferable
to spray the surface treatment solution on the substrate on
which the classified hydrogel polymer 1s spread. When the
spray angle 1s blow 1°, there 1s a problem that the surface
treatment solution 1s intensively sprayed on narrow area and
the surface treatment becomes uneven. And when 1t 1s over
45°, the solution may be sprayed outside the area on which
the hydrogel polymer is spread and 1t may cause the loss of
the surface treatment solution.

And, 1t 1s preferable for the surface treatment to spray the
surface treatment solution with the amount of 2 to 10 parts
by weight, and preferably 3 to 8 parts by weight, per 100
parts by weight of the classified hydrogel polymer.
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The device for spraying the surface treatment solution of
the present invention may be equipped with means of
controlling the spray angle and the spray speed of the
treatment solution separately, and may turther equipped with
a means of controlling temperature with necessity.

Furthermore, the step of treating the surface may include
the steps of feeding the classified hydrogel polymer to a
surface crosslinking reactor, and carrying out a surface
crosslinking reaction of the hydrogel polymer at 120 to 250°
C. for 10 to 120 mins. The surface crosslinking reactor may
be equipped with a means of controlling temperature. When
the crosslinking reaction time 1s below 10 mins, it 1s too
short to carry out a suflicient crosslinking reaction. And,
when the crosslinking reaction time 1s over 120 mins, the
properties of the SAP gets worse 1n reverse due to excessive
surface crosslinking reaction, and the polymer may be
decomposed 1n the reactor due to the long term residue.

According to the present invention, the step of drying and
pulverizing the hydrogel polymer may be carried out so that
the particle size of the dried hydrogel polymer becomes 150
to 850 um.

Furthermore, 1t 1s preferable to classily the pulverized
hydrogel polymer into 2 grades or more according to the
particle size 1n the classitying step. In this case, the classi-
tying step may include the steps of classifying the pulver-
1zed hydrogel polymer into 2 grades of the particle size
below 150 um and the particle size of 150 um to 850 um;
classitying the pulverized hydrogel polymer into 3 grades of
the particle size below 150 um, the particle size of 150 um
or more and below 300 um, and the particle size of 300 um
to 850 um; or classitying the pulverized hydrogel polymer
into 4 grades of the particle size below 150 um, the particle
s1ze o1 150 um or more and below 300 um, the particle size
of 300 um or more and below 600 um, and the particle size
of 600 um to 850 um. Furthermore, 1t may further include
the step of classifying the particles of 850 um or more that
1s included 1n small quantities in the pulverized hydrogel
polymer.

And, 1n the preparation method according to said embodi-
ments, the steps and methods for preparing the SAP which
are commonly being used 1n the related technical field can
be used 1n the step before the classifying step.

The temperature and the time for drying the hydrogel
polymer may be adequately selected according to the mois-

ture content of the prepared hydrogel polymer, and it may be
preferable to carry out the drying process at the temperature
of 160 to 190° C. for 20 to 40 mins. When the drying
temperature 1s below 160° C., the drying eflfect 1s marginal,
the drying time grows excessively longer, and it 1s difhicult
to make the moisture content be 10 weight % or less. And,
when the drying temperature 1s higher than 190° C., only the
surface of the hydrogel polymer 1s locally and excessively
dried and the property of product deteriorates, and the
absorptivity under pressure tends to decrease because plenty
of fine powders 1s formed 1n the succeeding pulverizing step.

The detailed device for drying are not limited particularly,
and for example, the drying step may be carried out by
inirared ray radiation, hot air, microwave radiation, or UV
ray radiation. And, the drying temperature and the time may
be adequately selected according to the moisture content of
the polymer prepared by the UV polymerization, and it may
be preferable to carry out the drying process at the tempera-
ture of 80 to 200° C. for 20 to 120 mins. When the drying
temperature 1s below 80° C., there 1s a problem that the
drying effect 1s marginal and the drying time grows exces-
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sively longer, and when the drying temperature 1s higher
than 200° C., there 1s a problem that the SAP 1s thermal-
degraded.

The pulverization of the drnied hydrogel polymer and the
surface-treated hydrogel polymer may be carried out accord-
ing to a common method for pulverizing a resin polymer
without limitation. Preferably, any pulverizing machine
selected from the group consisting of a pin mill, a hammer
mill, a screw mill, a roll mill, and the like may be used in the
pulverizing process. At this time, it 1s preferable that the
average diameter of the final SAP particles 1s 150 to 850 um
alter the pulverizing process.

At this time, the moisture content of the hydrogel polymer
obtained by the polymerization 1s generally 30 to 60 weight
% but the moisture content after dry of the hydrogel polymer
obtained through the drying process may be 1 to 10 weight
%. At this time, the moisture content of the hydrogel
polymer 1s the content of moisture 1n the whole weight of the
hydrogel polymer, and it means the value that the weight of
the dried polymer 1s subtracted from the weight of the
hydrogel polymer.

The present invention may further include the step of
pulverizing and classitying the hydrogel polymer into the
particles having the particle size of 150 to 850 um after the
step of treating the surface of the hydrogel polymer.

According to the present invention, the method may
turther include the step of pulverizing the hydrogel polymer
to have the particle size of 1 mm to 15 mm after the
polymerization and before the step of drying the hydrogel
polymer. At this time, when the particle size of the hydrogel
polymer 1s below 1 mm, 1t 1s technically diflicult because of
the high moisture content of the hydrogel polymer and
cohesion of the pulverized particles may occur. And, when
the hydrogel polymer 1s pulverized so that the particle size
1s over 15 mm, the effect of increasing the efliciency of
succeeding drying step according to the pulverization
becomes marginal.

Meanwhile, the method of the present imvention may
prepare the SAP by using a polymerization device equipped
with a reactor for preparing a common hydrogel polymer.
And the device may be further equipped with the device for
classitying the hydrogel polymer into 2 grades or more and
the spray device which can control the spray conditions of
the surface treatment solution.

The polymerization of the monomer composition may be
carried out according to a UV polymerization or a thermal
polymerization, and the conditions are not limited particu-
larly and 1t may be carried out according to common
methods. For example, the polymerization may be carried
out at the temperature of 25 to 99° C. for 10 secs to 30 mins.
Specifically, the thermal polymernization may be classified
into a redox polymerization that 1s carried out at the tem-
perature of 25 to 350° C. for 2 to 30 mins and a thermal
polymerization that 1s carried out at the temperature of 40 to
90° C. for 2 to 30 mins. And, the UV polymerization
(photo-polymerization) may be carried out 1n a wide tem-
perature range of 25 to 99° C. by irradiating with lights for
10 secs to 5 mins because the temperature does not largely
influence on the UV polymerization. Furthermore, the inten-
sity of the UV radiation may be 0.1 to 30 mW/cm”. The light
source and the wavelength range well known to the related
art can be used in the UV radiation.

In the method of thermal polymerization or UV polym-
erization of the monomer composition, the polymerization
device used 1s not limited particularly. For example, the
thermal polymerization may be carried out generally 1n a
reactor equipped with a stirring spindle, like a kneader, and
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the UV polymerization (photo-polymerization) may be car-
ried out 1n a reactor equipped with a continuously moving
conveyor belt. However, said polymerization methods are
just examples and the present invention 1s not limited to or
by said polymerization methods.

For example, the hydrogel polymer obtained according to
the thermal polymerization that 1s carried out 1n the reactor
like a kneader equipped with a stirring spindle by providing
a hot air thereto or heating the reactor may have the particle
s1ze of several centimeters to several millimeters when 1t 1s
discharged from the outlet of the reactor, according to the
shape of the stirring spindle equipped in the reactor. Spe-
cifically, the size of the obtained hydrogel polymer may vary
according to the concentration and the feeding speed of the
monomer composition fed thereto, and generally the hydro-
gel polymer having the particle size of 2 to 50 mm may be
obtained.

And, when the photo-polymerization 1s carried out by
using the reactor equipped with the continuously moving
conveyor belt, the hydrogel polymer may be obtained 1n a
sheet form having the width of the belt. At this time, the
thickness of the polymer sheet may vary according to the
concentration and the feeding speed of the monomer com-
position fed thereto, and 1t 1s preferable to feed the monomer
composition so that the polymer sheet having the thickness
of 0.5 to 5 cm 1s obtained. When the monomer composition
1s Ted so that the thickness of the polymer sheet becomes too
thin, 1t 1s undesirable because of the low production efli-
ciency, and when the thickness of the polymer sheet 1s over
5> cm, the polymerization reaction may not be occurred
cvenly through the thickness because of the excessively
thick thickness.

The monomer composition may be prepared by mixing
the monomer and the polymerization initiator 1n a mixer
equipped with a raw material feeder and a solvent feeder.

And, details of each monomer for the monomer compo-
sition are explained.

It 1s preferable that the polymerization of the water-
soluble ethylenic unsaturated monomer 1s carried out 1n an
aqueous solution 1n the present mvention.

The water-soluble ethylenic unsaturated monomer 1s not
limited 11 it 1s a usual monomer for preparing the SAP. For
example, one or more monomers selected from the group
consisting of an anionic monomer and a salt thereolf, a
nonionic hydrophilic monomer, and an amino-contaiming
unsaturated monomer and a quaternary compound thereof
may be used.

For example, the water-soluble ethylenic unsaturated
monomer may be one or more compounds selected from the
group consisting of anionic monomers such as acrylic acid,
methacrylic acid, maleic anhydride, fumaric acid, crotonic
acid, 1taconic acid, 2-acryloyl ethane sulfonic acid, 2-meth-
acryloyl ethane sulfonic acid, 2-(meth)acryloyl propane
sulfonic acid, and 2-(meth)acrylamide-2-methyl propane
sulfonic acid, and salts thereof; nonionic hydrophilic mono-
mers such as (meth)acrylamide, N-substituted (meth)acry-
late, 2-hydroxyethyl(meth)acrylate, 2-hydroxypropyl(meth)
acrylate, methoxy polyethylene glycol(meth)acrylate, and
polyethylene glycol (meth)acrylate; and amino-contaiming
unsaturated monomers such as (N,N)-dimethylaminoethyl
(meth)acrylate and (N,N)-dimethylaminopropyl (meth)acry-
lamide, and a quaternary compound thereof. Preferably, the
water-soluble ethylenic unsaturated monomer may be
acrylic acid and a salt thereof because they have advantage
in the excellent properties.

The concentration of the water-soluble ethylenic unsatu-
rated monomer in the monomer composition may be
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adequately selected by considering the polymerization time
and the reaction conditions, and 1t may be 35 to 50 weight
% preferably. When the concentration of the water-soluble
cthylenic unsaturated monomer 1s below 335 weight %, there
are problems of low yield rate and low economic feasibility,
and when 1t 1s over 50 weight %, 1t 1s disadvantageous
because the monomer solubility decreases.

The polymerization initiator may be any one compound
selected from the group consisting of an azo-based initiator,
a peroxide-based 1nitiator, a redox-based 1nitiator, an organic
halide initiator, acetophenone, benzoin, benzophenone, ben-
zyl compounds, and a derivative thereol. For example, the
polymerization initiator may be acetophenone, benzoin,
benzophenone, benzyl compounds, or a derivative thereof,
and 1t may be one or more photo mitiators selected from the
group consisting ol acetophenone dernivatives such as
diethoxy acetophenone, 2-hydroxy-2-methyl-1-phenylpro-
pane-1-on, benzyl dimethyl tar, 4-(2-hydroxy ethoxy)phe-
nyl-(2-hydroxy)-2-propyl ketone, 1-hydroxycyclohexylphe-
nyl ketone, and so on; benzoin alkyl ethers such as benzoin

methyl ether, benzoin ethyl ether, benzoin 1sopropyl ether,
benzoin 1sobutyl ether; benzophenone derivatives such as
methyl o-benzoylbenzoate, 4-phenyl benzophenone, 4-ben-
zoyl-4'-methyl-diphenyl sulfide, (4-benzoyl benzyl)trim-
cthyl ammonium chloride, and so on; thioxanthone-based
compounds; acyl phosphine oxide derivatives such as bis(2,
4,6-trimethylbenzoyl)-phenyl phosphine oxide, diphenyl(2,
4,6-trimethylbenzoyl)-phosphine oxide, and so on; and azo-
based compounds such as 2-hydroxy methyl propionitrile,
2,2'-[azob1s(2-methyl-N-(1,1"-bis(hydroxymethyl)-2-hy-
droxyethyl)propionamide)].

The polymenzation initiator may be used 1n the amount of
0.01 to 1.0 weight % per the whole monomer composition.

The monomer composition according to the present

invention may further include a cross-linking agent.
The cross-linking agent may be one or more compounds

selected from the group consisting of cross-linking agents
having the water-soluble substituent of the ethylenic unsatu-
rated monomer, at least one functional group which can react
with the water-soluble substituent of the ethylenic unsatu-
rated monomer, and at least one ethylenic unsaturated group,
and a mixture of them; cross-linking agents having the
water-soluble substituent of the ethylenic unsaturated mono-
mer and at least two functional groups which can react with
the water-soluble substituent formed by the hydrolysis of a
vinyl monomer, and a mixture of them. The cross-linking,
agent having two or more ethylenic unsaturated groups may
be a C4-C,, bis acrylamide or bis methacrylamide, a poly
(meth)acrylate of C,-C, , polyol, a poly(metha)allylether of
C,-C,, polyol, and the like, and one or more agents selected
from the group consisting of N,N'-methylenebis(meth)acry-
late, ethylencoxy(meth)acrylate, polyethyleneoxy(meth)
acrylate, propyleneoxy(meth)acrylate, glycerine diacrylate,
glycerine triacrylate, trimethylolpropane triacrylate, triallyl
amine, triaryl cyanurate, triallyl 1socyanate, polyethylene
glycol, diethylene glycol, and propylene glycol may be used.

The cross-linking agent may be used in the amount of
0.01 to 1.0 weight % per the whole monomer composition.

Hereinafter, the action and the effect of the present
invention are explammed 1 more detail through specific
Examples of the invention. However, the {following
examples are only for 1llustrating the present invention, and
the scope of a right of the invention i1s not limited to or by
them.

EXAMPLE 1

The aqueous monomer solution composition was pre-
pared by mixing 100 g of acrylic acid, 0.5 g of polyethyl-
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eneglycol diacrylate (Mw=523) as a crosslinking agent,
0.033 g of diphenyl(2.4,6-trimethylbenzoyl)-phosphine
oxide as a UV mitiator, 83.3 g of 50% sodium hydroxide
(NaOH), and 89.8 g of water. The monomer concentration in
the composition was 45 weight %.

And then, after feeding the aqueous monomer solution
composition to the continuously moving conveyor belt reac-
tor through the feeder, the hydrogel polymer was prepared
by wrradiating the composition with UV rays (intensity: 2
mW/cm?) for 2 mins by using a UV radiation device.

After transferring the hydrogel polymer to a cutting

machine, 1t was cut into 0.2 cm. At this time, the moisture
content of the cut hydrogel polymer was 50 weight %.

Subsequently, the hydrogel polymer was dried in a hot air
dryer of 160° C. for 30 mins, and the dried hydrogel polymer
was pulverized by using a pin mill pulverizer. And then, 1t
was classified into the polymer having the particle size
(average particle diameter) below 150 um and the polymer
having the particle size of 150 um to 850 um by using a
s1eve.

And then, base polymer BP-1 of SPAN 1.0 was prepared
through the particle size control of the classified hydrogel
polymer. Furthermore, base polymer BP-2 of SPAN 1.1 was
prepared through the particle size control. Finally, base
polymer BP-3 of SPAN 1.3 was prepared through the
particle size control. At this time, the standard of the
classification of each base polymer was as disclosed 1n Table

1.

Hereafter, the surface of the SAP was treated by spraying
S parts by weight of the surface treatment solution including
1 weight % of ethyleneglycol diglycidyl ether, 2 weight %
of propyleneglycol, and 97 weight % of water on 100 parts
by weight of base polymer BP-1. At this time, the surface
treatment solution was sprayed on the surface of the hydro-
gel polymer with the spray angle of 15° through a spraying
device. Furthermore, after the classified hydrogel polymer
was Ted to a surface crosslinking reactor, the surface cross-
linking reaction of the hydrogel polymer was carried out at
the temperature of 130° C. for 40 mins, 1n the step of treating
the surface.

The hydrogel polymer was pulverized after the surface
treatment, and the surface-treated SAP having the average
particle diameter of 150 to 850 um was obtained by using a
s1eve.

EXAMPLE 2

The SAP was prepared substantially according to the
same method as 1 Example 1, except that the surface
treatment solution including 5 weight % of 1,3-propanediol,
5> weight % of propyleneglycol, and 90 weight % of water.

EXAMPLE 3

The SAP was prepared substantially according to the
same method as 1n Example 1, except that base polymer
BP-2 was used mnstead of base polymer BP-1.

EXAMPLE 4

The SAP was prepared substantially according to the
same method as in Example 2, except that base polymer
BP-2 was used istead of base polymer BP-1.
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COMPARAIIVE

EXAMPLE 1

The SAP was prepared substantially according to the
same method as 1n Example 1, except that base polymer
BP-3 was used instead of base polymer BP-1.

COMPARAITIVE

EXAMPLE 1

The SAP was prepared substantially according to the
same method as in Example 2, except that base polymer
BP-3 was used instead of base polymer BP-1.

EXPERIMENTAL EXAMPLES

Evaluation on the Moisture Content and the
Properties of the SAP

Experimental Example 1
Evaluation on the Moisture Content

The particle size of the base polymers used in Examples
and Comparative Examples was measured according to
EDANA method WSP 220.2, and the particle size of each

base polymer was listed in Table 1.

TABLE 1
Base Base Base
polymer polymer polymer
BP-1 BP-2 BP-3
Moisture content 1.2 1.2 1.2
(welght %)
Particle 850 um or 0.57 0.57 0.57
S1Ze more
600~850 pum 15 17 27
300~600 um 68.62 61.62 41.43
150~300 um 15 20 29
90~150 um 0.81 0.81 2
45~90 um 0 0 0
below 45 um 0 0 0

From the results of Table 1, the properties of the Examples
(BP-1 and BP-2) and the Comparative Examples (BP-3)
using the base polymers having different particle size dis-
tribution in the range of 90 to 600 um were relatively
cvaluated. At this time, the properties of the base polymers
were similar except the difference 1n the particle size.

Namely, the base polymers used i the Examples were
classified so that the base polymer of 300 to 600 um was
about 60 weight % or more per the total base polymer and
cach of the base polymers of 600 to 850 um and 150 to 300
um were about 10 weight % or more respectively per the
total base polymer.

Experimental Example 2

Evaluation on the Properties

The following tests were carried out in order to evaluate
the properties of the SAPs of Examples and Comparative
Examples. And, the properties of the absorbent polymers of
Examples and Comparative Examples were measured by the
following methods and the results are listed in Table 2.

(1) Measurement on the SPAN Value

To the SAPs of Examples and Comparative Examples, the
particle size was analyzed according to the particle size
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analysis method of EDANA method WSP 220.2, and the

SPAN wvalue was calculated according to the following
equation.

SPAN=[D(90%)-D(10%)]/D(50%) [Mathematical Equation 1-1]

in Mathematical Formula 1-1,

D(90%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 90 weight
70,

D(10%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 10 weight
%, and

D(50%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 50 weight
%.

(2) Measurement on the Absorbing Rate Under Load
(ARUL)

To the SAPs of Examples and Comparative Examples, the
ARUL wvalue was measured according to the following
Equations.

ARUL=AUP(10 min)/AUP(60 mm) [Mathematical Equation 2-1]

in Mathematical Formula 2-1,
ARUL 1s the absorbing rate under load, AUP (10 min) 1s

the absorbency under pressure after 10 mins represented by
the following Mathematical Formula 3, and AUP (60 min)
absorbency under pressure aiter 60 mins represented by the
following Mathematical Formula 3,

AUP(g/a)=/Wb(g)-Wa(g)]/weight of absorbent poly-
mer(g) [Mathematical Equation 3]

in Mathematical Formula 3,

Wa (g) 1s the sum of the weight of the absorbent polymer
and the weight of the device capable of providing load to the
absorbent polymer, and

Wb (g) 1s the sum of the weight of the absorbent polymer
in which moisture 1s absorbed under load (0.7 psi) for a
given time of 10 mins or 60 mins and the weight of the
device capable of providing load to the absorbent polymer.

At this time, the absorbency under pressure (AUP) was
measured by the following method.

Namely, a 400 mesh stainless steel net was installed 1n the
bottom of the plastic cylinder having the internal diameter of
60 mm. 0.90 g of the SAP was umiformly scattered on the
steel net at the room temperature and the humidity of 50%,
and a piston which can provide the load of 4.83 kPa (0.7 ps1)
uniformly was put on the same. At this time, the external
diameter of the piston was slightly smaller than 60 mm,
there was no gab between the internal wall of the cylinder
and the piston, and the jig-jog of the cylinder was not
interrupted. The weight Wa (g) of the device was measured.

After putting a glass filter having the diameter of 90 mm
and the thickness of 5 mm 1n a petr1 dish having the diameter
of 150 mm, a saline solution of 0.90 weight % of sodium
chloride was poured 1n the dish until the surface level
became equal to the upper surface of the glass filter. A sheet
of filter paper having the diameter of 90 mm was put on the
same. Said measuring device was put on the filter paper and
the solution was absorbed for 1 hr under the load. After 1 hr,
the weight Wb (g) was measured aifter lifting the measuring
device up.

(3) Absorption Ratio Under Non Loading Condition
(CRC, Centrifuge Retention Capacity)

To the SAPs of Examples and Comparative Examples, the
water holding capacity by the CRC was measured according

to EDANA method WSP 241.2.
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Namely, after iserting W (g) (about 0.2 g) of each
polymer obtained 1n Examples and Comparative Examples
uniformly 1n a nonwoven bag and sealing the same, 1t was
soaked 1 a 0.9 weight % saline solution at the room
temperature. And, after carrying out the same processes as
above except not using the SAP, the weight W1 (g) was
measured. Water holding capacity was recognized by cal-
culating CRC (g/g) according to the following equation by
using the weight obtained above.

CRC(g/g)={(W2(g)-W1(g))/ W(g)j-1

in Mathematical Formula 4,

W (g) 1s the weight of the absorbent polymer;

W1 (g) 1s the weight of the device without the absorbent
polymer after draining with a centritugal separator at 250 G
for 3 min; and

W2 (g) 1s the sum of the weight of the absorbent polymer
in which moisture 1s absorbed for 30 mins 1n a 0.9 weight %
saline solution at the room temperature, and the weight of
the device, after draining with a centrifugal separator at 250
G for 3 min.

(4) Water-Soluble Component (Extractable Content)

The water-soluble component (extractable content) was

measured according to the same order and method as
disclosed in EDANA method WSP 270.2.

[Mathematical Equation 4]

TABLE 2
Absorbency Absorption
under ratio under non

SPAN  ARUL pressure (g/g) loading condition (g/g)

Example 1 0 0.8 25.1 30.5
Example 2 1.0 0.76 25.0 31.2
Example 3 1.1 0.79 24.6 30.1
Example 4 1.1 0.75 24.4 30.8
Comparative 3 0.64 23.4 28.9
Example 1

Comparative 1.3 0.62 23.9 29.7
Example 2

From the results of Table 2, it 1s recognizable that the
SAPs of Examples 1 to 4 show the properties beyond the
equivalent level 1n comparison with Comparative Examples
1 and 2. Namely, the Examples of the present imnvention
show the superior 1mitial absorbency and the synergy eflect
of 1mproving the absorbing ratio under non loading condi-
tion and the absorbency under pressure contlict with each
other at the same time. And 1t was possible to provide
superior properties to existing SAPs because the Examples
of the present invention prepared the SAP by using the
classified base polymer of which the base polymer of 300 to
600 um 1s about 350 weight % or more or about 60 weight %
or more, for example, about 50 to 80 weight %, per the total
base polymer, and the base polymer of 600 to 850 um and
150 to 300 pum 1s about 7 weight % or more or about 10
weight % or more, for example, 7 to 20 weight %, per the
total base polymer.

The invention claimed 1s:

1. A super absorbent polymer (SAP), comprising

a base polymer powder comprising a crosslinked polymer
of at least partially neutralized water-soluble ethylenic
unsaturated monomer of acrylic acid; and

a surface crosslinking layer formed on the base polymer
powder,

wherein the surface crosslinking layer 1s obtained by
crosslinking the surface of the base polymer powder
with a C,-C, diol-based or glycol-based compound,
and the surface crosslinking 1s performed by spraying
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a surface treatment aqueous solution comprising the
C,-C, diol-based or glycol-based compound on the
base polymer powder with the spray angle of 10 to 30°
and carrying out the surface crosslinking reaction at
120 to 250° C. for 10 to 120 minutes,

wherein the SAP has the SPAN wvalue of 1.2 or less,
represented by the following Mathematical Formula 1,
and

satisfies the absorbing rate under load (ARUL) repre-
sented by the following Mathematical Formula 2:

SPAN=[D(90%)-D(10%)/D(50%)<1.2

[Mathematical Formula 1]

in Mathematical Formula 1,

D(90%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 90%,
when the SAP particles are arranged 1n order of particle
diameter measured according to EDANA method WSP
220.2,

D(10%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 10%,
when the SAP particles are arranged 1n order of particle
diameter measured according to EDANA method WSP
220.2, and

D(50%) 1s the diameter of the particle when the accumu-
lated weight from the smallest particle becomes 50%,
when the SAP particles are arranged 1n order of particle
diameter measured according to EDANA method WSP
220.2,

1.0>ARUL=AUP(10 min)/AUP
(60 mun)>0.70

[Mathematical Formula 2]

in Mathematical Formula 2,

AUP (10min) 1s the absorbency under pressure after 10
mins represented by the following Mathematical For-
mula 3, and AUP (60 min) 1s the absorbency under
pressure after 60 mins represented by the following
Mathematical Formula 3,

AUP(g/g)=/Wb(g)-Wa(g)]/weight of absorbent poly-
mer(g) [Mathematical Formula 3]

in Mathematical Formula 3,

Wa (g) 1s the sum of the weight of the absorbent polymer
and the weight of the device capable of providing load
to the absorbent polymer, and

Wb (g) 1s the sum of the weight of the absorbent polymer
in which moisture 1s absorbed under load (0.7 ps1) for
a given time of 10 mins or 60 mins and the weight of
the device capable of providing load to the absorbent
polymer.

2. The super absorbent polymer according to claim 1, the

base polymer powder comprises:

the powder having the diameter of 300 to 600 um 1n an
amount of 50 weight % or more.

3. The super absorbent polymer according to claim 2, the

base polymer powder comprises:

the powder having the diameter of 600 to 850 um 1n an
amount of 7 weight % or more; and

the powder having the diameter of 150 to 300 um 1n an
amount ol 7 weight % or more.

4. A sanitary fitting including the super absorbent polymer

of claim 1.

5. A diaper including the super absorbent polymer of
claim 1.

6. A product including the super absorbent polymer of
claim 1, wherein the product 1s a water combination soil for
horticulture, a water-stop material for civil engineering and
construction, a nursery sheet, a freshness preservation in a
food distribution field or a poultice material.
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